JflN-10-2002 13:53 



PRRKHURST AND LENDEL 



703 739 0229 P. 22/37 



< 

in 

3 



(19) 



J 



(12) 



Europaisches Patantamt 
European Patent Office 

Off lee europaen dea brevets (11) EP 0 732 615 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of put* cation: 

1 a 09.1 996 Bulletin 1936/38 

(21) Application number: 961 04139.9 

(22) Date of filing: 1 5.03.1 996 



(51) int. a 6 : Q03B 21/62 



(84) Designated Contracting States; 
DE FR GB NL 

(30) Priority: 16.03.199SJP 56381 QS 

(71) Applicant Kuraray Co., Ltd. 
Kurashlkl-*hl Okayama-ken (JP) 

(72) Inventors; 

- tshil, MasaW, 
c/o Kuraray Co., Ltd. 
Kliatambare-gun, Nllgata-ken (JP) 



- MalsuzakJ, Ichiro, 

c/o Kuraray Co., Ltd. 

Utakanbare-gtm, Nllgata-ken (JP) 
• Watanabe l Toru, 

0/0 Kurerey Co., Ltd 

Kliakanbara-gun, Ntlgata-ken (JP) 

(74) Representative: VOSSIUS & PARTNER 
$lebensirasse 4 
81675 MQnchen (DE) 



(54) Rear projection Image display device 

(57) A rearpflojection image display device com- 
prising a light source, a display element for visual 
images, a projection tens and a screen for viewing vis- 
ual imafles projected on the screen from the rear, 
wherein the ratio d/a between the diameter d of the e*H 
pupil of the projection lens and the projection distance a 
is 0.06 or less, said screen whereon visual images are 
displayed in dud as at least two diffusion elements 
(1.2.5,6), and ligrrt-ajffuBing fine Darticies are divorced 
in on© of the two diffusion elements (6) which is dosest 
to the viewer. 
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Description 

The present invention relates to an image display device of rear-piojection type which enlarges and displays 
images projected thereon Irom the rear. . 

Generally CRTs (cathode-ray tubes) Bra used as the image display element of a rear-projection image display 
device Because of their structure, it is difficult 10 make CRTs compact. Moreover, rear-projection Image display devices 
require three CRTs for red (R), green (Q) and blue (B). Use of CRTs therefore possesses a bottleneck in the attempt to 
make image display devices compact To cope with this problem, there has been developed in recent years a rear-pro- 
jection image display device which uses small-size liquid crystal panel of digital micro mirror device ("DMD") about 1 to 
3 inches at most in diagonal size as the image display element 

In the rear-projection image display devices, the screen on *hieh visual images are projected usually comprises a 
Fresnel tens which directs divergent fight rays toward the viewer, and a lenticular lera sheet which diffuses the light rays 
forming images. In the lenticular lens sheet, light rays in the horizontal direction are diffused by the effect of the lens, 
ard those in the vertical direction by the effect of RghWIffusing fine panicles contained In the diffusion layer of the len- 
ticular lens sheet. The light diffusion properties differ between the horizontal and the vertical directions. 

In case a liquid crystal panel or DMD is used as the Image display element instead of CRT. it entails the problem of 
so-called moire pattern which is stripes in graded brightness if the lenticular lens having a pitch substantially equal with 
that of the lens sheet used in the conventional rear-projection image display device is used. This is due to interference 
betwoen the pixel structure of the liquid crystal panel and the periodic structure of the lenticular lens sheet- In order to 
avoid occurrence of moire pattern, the difference In the pitches of respective periodic structures should be made 
greater. Thus, attempts are being made to decrease the pitch of the lenticular lens sheet. As the pitch of the lenticular 
lens sheet becomes finer, its thickness generally decrease* and thereby decreases the thickness of the diffusion layer 
wherein the liflhWiflusing fine particles are dispersed. This has highlighted the problem of fine bright spots on the 
screen, what is generally known as scintillation. Problems due to scintillation are becoming more serious as the liquid 
crystal panels and DMDs used in the rear projection image display devices become more compact. 

The present Invention alms at solving the problems encountered In the prior art and providing a rear-projection 
image display device which reduces scintillation and produces high-quality images. 

To achieve the above mentioned object, the rear-projection image display device according to the present invention 
comprises a light source, an Image display element, a projection lens, and a screen to allow. viewing of images pro- 
jected on the screen from the rear. In the display device, the ratio d/a between the diameter jj of the exit pupil of the 
prqedton lens and the projection distance a Is lass than 0,06. The screen on which images are displayed includes a 
first diffusion element arranged on the side closer to the light source and a second diffusion element arranged nearer 
to the viewer, said second diffusion element containing the light diffusing fine particles, 

AS CRTs measuring 5 inches or more In diagonal size are usually used In the CRT type rear-projection image dis- 
play devices, projection lenses having a larger exit pupil diameter are 1 used On the other hand, in the rear^rejeotion 
image display device using a liquid crystal panel or DMD, the panel or DMD is usually smaller than 3 Inches in diagonal 
size in order to make the image display device more compact For this reason, the exit pupil of the projection tens is 
normally small in diameter. The present inventors have found that occurrence of scintillation depends on the following 
factors. 

Causes for scintillation will now be explained first from the standpoint of geometrical optics and then of wave optics. 

Rg. 3A shows the path of the light Incident to the light diffusing fine particles In the diffusion element positioned 
Closest to tne viewer when the exit pupil of the projection tens has a larger diameter. As shown In Fig. 3A ( the light rays 
enter a llflrrt diffusing fine partlde at a somewhat large angle. Here, the light rays emerge from the portion Indicated by 
a bold line In Fig. 3A toward the viewer. Fig. 3B, on the other hand, shows the path of the light when the exit pupil of the 
projection lens la smaller In diameter (euch as when the ligtt source Is a point fight eource). As shown in Rg. 3B, the 
light rays are emitted toward the viewer only from a very limited area of the light diffusing particles, h should be noted 
hare thai projection distance Is tha eame in Fige. 3A and 3B. Figs, *A and 4B are the front views of Flga. 3A and 3B 
respectively. As shown In Rg. 4A, substantially entire surface of the light diffusing particles becomes bright H the exit 
pupil of the projection lens has a large exit pupil diameter. On the other hand, H the said exit pupil diameter is smaller 
as shown in Fig. *B, only a very limited area of the particles becomes bright resulting in sharp contrast of brightness. 

The present invention has been confrlved on the basic of the above finding. According to the present invention, at 
least two light diffusion elements are arranged in the direction of optical axis of the tight emitted from a tight source. Wr* 
this construction, the light diffused by the diffusion element arranged closest to the incident (light source) side is emitted 
from the diffusion element at drfferert angles. These light rays emitted in different angles enter the light diffusion ele- 
ment arranged closest to the emergent (viewer) side. Suppose the diffusion elements on the incident and emergent 
sides are distanced from each other. Since the light rays are emerging from the diffusion element on the Incident side 
at different angles, those coming from various points of the diffusion element on the incident side would be converged 
on one point on the emergent side if one such particular point is to be noted. This alleviates scintillation occurring at the 
diffusion element on the emergent side. On the othBr hand, scintillation occurring at the Incident side becomes blurred 
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on its contour because it is observed through the diffusion element on the emergent side, Thte alleviates the scintillation 
occurring at the incident aide. 

Explanation based on wave optics will now be given, Ujmmous flux with an extremely small d/a ratio, i.e. smaller 
than 0.06, has extremely Ngh parallelism. In this ca6e, the light source can be deemed as a point lights source, and 

5 interference oi luminous flux is likely to occur. Thus, when the distance between two points where diffusing fights 
emerge ts small, the diffusing fights emerging from two different points give rise to very fine interference pattern. This 
phenomenon will be described in detail by referring to Figs. 5A and SB. 

In Fig, 5A, scattered light rays 7a and 7b emitted from the two points P and Q on the diffusion element 5 on the 
incident side reach the point A on the diffusion element 6 on the emergent sida Hare, the distance between the points 

70 P and Q is given as a, Referring to Fig. SB wherein the distance between the diffusion element 5 on the Incident side 
and the diffusion element 6 on the ernergem 6ide is somewhat greater, the scattered light rays 7a* and 7b' Irom the two 
points P* and O' on the diffusion element 5 on the Inddant side reach the point A of the element 6 on the emergent side. 
The distance between the points P' and Q' Is given as £ . In geometrical optics, as the Intensities of the scattered light 
rays 7a and 7b directed from the points P and Q toward the point A and of the scattered light rays 7a' and 7b' directed 

75 from the points P' and Q' toward the point A are all equal, no difference is observed in the phenomena taking place in 
the cases shown tn Pigs. 5A and SB. In wa«e optics, however, there occurs fine Interference pattern in the case of Fig, 
5A while no such pattern occurs in the case of Fig. 5B, given a < L < a\ If numerical value L is assigned as the coher- 
ence length, This value is variable depending en the value of d/a and the spectrum of the wavelength of the light emitted 
from the light source. The required distance between the diffusion element 5 on the incident side and the diffusion ele- 

so mem 6 on (he emergent aide also varies depending on the light diffusing properties of the diffusion element on the Inci- 
dent side. 

According to a preferred embodiment of the present Invention, the distance between the incident plane on the dif- 
fusion element which is closest to the projection lens and the light emergent plane on the diffusion element closest to 
the viewer Is 1.5 mm or more. H the diffusion property of the diffusion element on the incident side is set at a greater 
26 value, the distance between the fight incident plane on the diffusion alament which is closed to the projection lens and 
the light emergent plane on the diffusion element which is closest to the viewer may be small, but this Is not preferable 
as the images itself become blurred. 

tn order to achieve the above mentioned object, the present Invention rear -projection Image display device com- 
prising a light source, an image display element, a projection lens and a screen is such that the ratio d/a between the 
$q diameter d of tiie exit pupil of the projection fens and the projection distance a is 0.06 or lass. Ughtdiffuslng fine parti- 
cles are contained in the screen on which visual images are displayed. The tight-diffusing find particles are made non- 
spherical In form In order for the emergent light rays emitted from plural points of said light-diffusing particles to come 
in the same direction when incident light rays are parallel 

Rg. 6 shows the optical path of fight rays emitted from a non-spherical llght-ditfuslng partlde which allows parallel 
is light rays incident thereon Id be emitted from plural points of the particle all In the same direction. When parallel light 
enters a spherical Dght<frffusing particle, K is emitted toward the viewer from only one point on the particle. When, on 
the other hand, parallel light is incident on a non-spheiical panide as shown in Rg. 6, tight rays are amined from plural 
points on the particle toward the viewer. Thus, by looking at the screen from the front, light rays are diffused at a greater 
angle so that at least two points or more appear to be bright, and scintillation can be ad aviated, 
40 According to a preferred embodiment, the non-spherical light-diffusing tins panicles may be glass or craselinkad 
resins euch as PMMA and styrene. 

The present Invention will be understood more clearly from the description of prefemad embodiments taken In con- 
junction with the accompanying drawings, It should be noted, however, that the embodiments and the drawings are 
given for explanatory and Illustrative purposes only and are not intended to limit the scope of the invention. The scope 
of the invention Is defined by the appended claims, in the drawings, the same reference numbers appearing in plural 
figures denote the same component parts. 

Pig. 1 shows the constructions of preferred embodiments oi a rear-projection image display device. 

Rg. 2 shows the construction oi the rear-projection image display device according to a Comparative Example. 

Rg. 3 chews the path of fight rays incident on the fight-diffusing fine particle, 
50 Rg. 4 shows the light rays emerging from a light-diffusing line particles. 

Fig. S shows the paths of light rays between the diffusion elements, 

Rg. 6 shows the path of tight rays emerging from a non-spherical light-diffusing fine particle. 

In the present invention rear-projection image display device, the screen on which projected images are Displayed 
usually comprises a Fresnel lens which directs divergent light rays toward the viewer, and a lenticular lens sheet which 
es diffuses the light raya forming images, At least two diffusion elements are to be provided on the screen, and they may 
be induded in the lenticular lens sheet alone, or in the Fresnel lens and the lenticular lens sheet respectively. The len- 
ticular tens and the Fresnel lens may have a single layer or a plural layer structure. They may be in any form such as 
one-sheet or three-sheet type so long as there are provided at least two layers acting as the diffusion element on the 
screen as a whole, £ach of the diffusion elements may be a lens such as lenticular lens. Diffusion properties of the dlf- 
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fusion dements may be arbitrarily selected to meet the performance requirements of the image display device as a 
whole. The distance between the light Incident plane of the element arranged closest to the projection lens and the light 
emergen! plane on the emergent side of the element closest to the viewer is preferably 1 .5 mm or more. The mean par- 
tide 6ize of the light-diffusing particles dispersed in the diffusion element closest to the projection lens is preferably 

5 between 5 m to 15 m, more preferably between 6 m to 11 m 

A rear-projection image display device with a liquid crystal panel as the display element has an exit pupil o1 the pro- 
jection lens measuring 28.5 mm In diameter d and 735 mm in projection distance a (d/a is 0.0388) was evaluated for 
scintillation by varying the screen construction as shown in Rg. 1 and Table 1. Gain of the screen as a whole was set 
at 6.2. The thickness of the Fresnel lens and of the diffusion layer (diffusion element), haze, and gain of the diffusion 

10 sheet (lenticular lens, flat diffusion plate, etc) of respective embodiments are shewn in Table 1 . 

The screen of the image display device according to Embodiments 1 through 4 comprises two discrete members 
of a Fresnel lens 1 and a lenticular lens 2, each provided with a diffusion layer {diffusion element) containing Hght-dif- 
fuslng fine partdea In Embodiment 1, ihe Fresnel lens 1 containing light diffusing fine particles, and the Fresnel lens 
1 as a whole functions as the diffusion element. The lenticular lens 2 has a MrcMayer structure with the layer doser to 

is the viewer containing the light diffusing line particles and the said layer functions as the diffusion element (fig. 1 A). In 
Embodiment 2, both the Fresnel lens 1 and the lenticular lens 2 have a twc-layer structure. The layer of the Fresnel lane 
1 arranged closer to the tight source contains lha light diffusing fine particles and this layer functions at the diffusion 
element. The layer of the lemlcular lens 2 which is doser to the viewer contains the light diffusing fine partides and (his 
layer functions as the diffusion element (Rg. 1 9), tn Embodiment a, the Fresnel lens 1 and the lemlcular Ions 2 contains 

£0 the light diffusing fine partides, and both of the lenses 1 and 2 as a whole function qb the diffusion element (Fig. 1 C). 
tn Errteodiment a, the Fresnel lens 1 has a two-layer structure, and the layer closer to the light source contains the light 
diffusing fine partides, the said layer functioning as the diffusion element The lenticular lens 2 ol Embodiment 4 con- 
tains the light diffusing fine panicles and the lenticular lens 2 as a whole functions as frie diffusion element (Flg.1 D). 
The screen of the image display device according to Embodiments S through 9 comprises two discrete members 

gs of a Fresnel lens 1 and a flat diffusion plate 3, tn Ernbodimenl 5, the Fresnel lens 1 contains the tight diffusing fine par- 
tides and the Fresnel lens 1 as a whole functions as the diffusion element The flat diffusion plate 3 has a two-layer 
structure and the layer doser to the viewer contains the light diffusing fine partides and the said layer functions as the 
diffusion element (Fig. tn Embodiment 6, both the Fresnel 1 and the flat diffusion plate 3 respectively have a two- 
layer structure. The layer of the Fresnel lens 1 closer to the light source contains the light diffusing fine partides, the 

3D said layer closer to the light source functioning as the diffusion element The layer of the flat diffusion plate 3 doser Id 
the viewer contains the flghi diffusing fine partides, and the said layer doser to the viewer functioning as the diffusion 
element (Fig. 1F). In Ernbodirnent 7, the Fresnel lens 1 contains Ihe tight diffusing fine partides, and the Fresnel lens 1 
as a whole functions as the diffusion element. The flat diffusion plate 3 has a three-layer structure, and the layer closer 
to the viewer and the one doser Id the Gght source respectively contains the light diffusing fine particles, the said layer 

ss doser to the viewer and the layer closer to the light source functioning as the diffusion element (Fig. 10). In Embodi- 
ment 8, both the Fresnel lens 1 and the flat diffusion plate 3 have a two-layer etrudure. The layer of the Fresnel lens 1 
ctoser to the light source contains the light diffusing fine partides and the said layer doser to the light source functions 
as the diffusion element, The layer of tne flat diffusion plate 3 closer to the viewer contains the tight diffusing fine parti- 
dee, and the said layer doser to the viewer functions as the diffusion element (Rg. 1 H). In Embodiment 9, the Fresnel 

40 Jens 1 does not contain the light diffusing tine partides. The flat diffusion plate 3 has a three-layer structure, and the 
layer doser to the viewer and the layer doser to the light source contains the light diffusing fine partides, the said layer 
doser to the viewer and the layer closer to the light source functioning respectively as the flat diffusion plate (Fig. 1 1). 

The screen of the image display device of Embodiments 10 and 11 comprises a single member with a Fresnel lens 
1 on the Incident side and a lenticular tone 2 on the emergent side. In Embodiment 10, the screen has a three-layer 

4S structure, and Ihe Fresnel lens 1 which is doser to the tigtii source and the lenticular lens 2 ctoser to the viewer respec- 
tively contains the light diffusing fine panicles, and both the Fresnel and the lenticular lenses 1 and 2 respectively func- 
tion B9 the diffusion elements (Fig. 1J). In Embodiment 1 1 , the screen has a two-tayer structure, and the Fresnel lens 1 
ctoser to the tight sourco and the lenoticular lens 2 closer to the viewer respectively contains the light diffusing fine par- 
tides, and both the Fresnel and the lenticular len$ee 1 and 2 respectively function as the diffusion elements (Fig, 1 K), 

so The screen of the image display device of Embodiment 12 comprises three discrete members of a Resnel lens 1 , 
a lenticular fens 2, and a diffusion sheet a interposed therebetween. The Fresnel tens 1 does not contain the light dif- 
fusing fine partides. The lendicular lens 2 has a two-layer structure, the layer closer to the viewer containing the light 
diffusing fine partides and the said layer doser to the viewer functioning as the diffusion element. The diffusion sheei 
4 is interposed between the Fresnel lens 1 and the lenticular lens 2 and functions as the diffusion element (Fig. 1 L). 

ss The screen of the image display device of Embodiment 13 comprises two discrete members of a Fresnel lens 1 and 
a vertical diffusion lenticular lens which is disposed on the incident side of the former lens and functions as (he diffusion 
element. The Fresnel lens 1 has a two-tayer structure with the vertical diffusion lenticular lens arranged doser to the 
viewer functioning as the diffusion element, The lenticular lens 2, on the other hand, has a two-layer structure, and the 
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layer deser to the viewer contains the light diffusing fine particles, the said layer doser to the viewer functioning as the 
diffusion element (Fig. 1M). 

Comparative Example shown in Table 1 comprises two discrete members of a Resnel lens and a lenticular lens, 
with the diffusion layer being provided only on the emergent eide of the lenticular lens (Fig. 2). 
5 Constructions of each ol the Embodiments and Comparative Example are shown in Figs. 1 and 2 respectively 
(areas indicated by oblique lines are the diffusion element). Reference symbols representing different constructions 
shown in Fig. 1 are given In Table l. 
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In the above We 1 , 0 represents Good and X represents unacceptable. 

Evaluation of scintillation was also conducted using a screen having thB same construction as the Comparative 
Embodiment except that non<spher|cal glass particles having the mean particle size ol 10 |*m (obtained by crushing 
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glass beads) were dispersed In the lenticular lens. The result obtained was comparable to that for Embodiment*! 1 
through 13. 

Claims 

1 . A rear-projection Irnage display device comprising a light source, a display element tor visual images, a projection 
lens and a screen lor viewing visual images projected on the screen from the rear, wherein the ratio d/a between 
the diameter & of the exit pupil of the projection lens and the projection distance a *s 0.06 or less, said screen wher- 
eon visual images are displayed Includes a first diffusion element arranged closer to the light source and a second 
10 diffusion element arranged closer to the viewer, eaid second diffusion element containing light-diffusing fine parti- 
cles. 

Z. The rear-projection Image display device as claimed in Claim 1 wherein the distance between ihe light Incident 
plane 01 one 01 the at least two diffusion elements which Is closest to the Pght source and the light emergent plane 
is ot the diffusion element closest to the viewer Is 1 .5 mm or more. 

3. The rear-projection image display device as claimed in Claim 1 or 2 which Is provided with a screen comprising two 
dlscr ete members of a Fresnel lens disposed closer to the light source and a lenticular lens disposed closer to the 
viewer, a diffusion dement containing the light diffusing fine particles being provided in each ot the eaid Fresnel 

20 lens and the lenticular lens. 

4. The rear-projection image display device as claimed in Claim 1 or 2 which is provided with a scr eon comprising a 
Fresnel lens disposed closer to me viewer and a flit diffusion plate disposed closer to the viewer, a diffusion ele- 
ment containing the light diffusing fine particles being provided in each of the said Fresnel lens and the flat diffusion 

ss plate. 

5. The rear-projection image display device as claimed in Claim 1 or 2 which is provided with a screen comprising a 
single member with a Fresnel lens an the light source side and a lenticular lens on the viewer side, a diffusion ele- 
ment containing the tight diffusing fine particles being provided in each of the said Fresnel lens and the lenticular 

so tens. 

6. A rea/-pfOjection image display device comprising a light source, a display element for visual images, projection 
lens and a screen tor viewing visual images projected on the screen from the rear, wherein the ratio d/a between 
the diameter d of the exit pupil of the projection (ens and the projection distance a Is 0.06 or less, light-diffusing fine 

ss particles are dispersed in said screen whereon visual images are displayed, and said light-diffusing fine particles 
are shaped non-spherical so that, when the Inddem light rays are parallel, emergent light rays emitted from plural 
points on a lighl-drffuslngfine particles can be all directed In the same direction, 
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